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ABSTRACT 

O 

o 

We present Chandra and XMM-Newton observations of the composite star- 
forming/Seyfert galaxy IRAS20051-1117. The X-ray imaging and spectral prop- 
erties reveal the presence of an active nucleus. The Chandra image shows a strong 
nuclear point source (L(2 — lOkeV) ~4x 10 42 erg s^ 1 ). The nuclear X-ray source 
coincides with a bright, also un-resolved, UV source which appears in the XMM- 
Newton Optical Monitor images. The XMM-Newton and Chandra spectrum 
\q • is well represented by a power-law with a photon index of T ~ 1.7 — 1.9 and a 

thermal component with a temperature of ~ 0.2 keV. We also detect an Fe line at 

6.4 keV with an equivalent width of ~ 0.3 keV, typical of the iron lines that have 
O 

short-term variability in the X-ray light curves, while we detect no variations be- 
r£3 tween the XMM-Newton and Chandra observations which are separated by about 

20 days. Optical spectroscopic observations which were performed ~ 2.5 months 
after the XMM-Newton observation show that the optical spectrum is dominated 
by a star-forming galaxy component, although a weak broad Ha component is 
present, in agreement with the results from past observations. The lack of strong 



* 



AGN signatures in the optical spectrum of the source can be explained by the 
dilution of the nuclear AGN emission by the nuclear star-forming component and 
the strong emission of the underlying, bright host galaxy. 

Subject headings: galaxies: individual (IRAS20051-1117) — galaxies: nuclei - 
galaxies: active — quasars: general 
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Introduction 



Chandra and XMM-Newton surveys revealed the presence of a large population of 'opti- 
cally inactive' or 'passive' galaxies (Mushotzky et al. 2000, Severgnini et al. 2003, Alexander 
et al. 2003, Green et al. 2004), confirming previous findings by ROSAT (Griffiths et al. f995, 
Boyle et al. 1995, McHardy et al. 1998). The optical spectra of these galaxies do not show 
evidence for either broad or high excitation lines (e.g. Barger et al. 2001). However, in most 
cases the X-ray luminosities observed are in excess of L x ~ 10 42 erg s _1 which is considered 
as the upper limit for the X-ray emission of bona-fide star-forming galaxies (e.g. Zezas, 
Georgantopoulos & Ward 1998, Moran et al. 1999) suggesting the presence of active nuclei. 
It is possible that these galaxies represent a mixed class of objects. In the case of 'Fiore 
P3', which is probably the most well studied case of the 'passive' galaxies, Comastri et al. 
(2002) find that it is most likely associated with an obscured AGN. Severgnini et al. (2003) 
find instead that a number of galaxies detected in their XMM-Newton survey present X-ray 
spectra with no evidence for absorption. The dichotomy between the optical and X-ray clas- 
sification could then be explained if the galaxy light dilutes the weak nuclear component (see 
also Moran et al. 2002, Georgantopoulos et al. 2003 for further examples of such objects). 

The 'optically inactive' galaxies bear many similarities to the 'composite' class of objects 
discovered by Veron et al. (1981) and further discussed by Moran et al. (1996). The 
diagnostic emission line diagrams of Veilleux et al. (1995) classify these as star- forming 
galaxies. Yet, their X-ray luminosities usually exceed 10 42 erg s" 1 (Moran et al. 1996); 
moreover, a fraction of the 'composites' present weak H a broad wings. Chandra observations 
of the 'composite' 1RAS00317-2142 (Georgantopoulos et al. 2003) showed that the X-ray 
emission of this object is dominated by a variable nuclear point source which presents an 
unabsorbed X-ray spectrum. Here, we present XMM-Newton and Chandra observations of 
1RAS20051-1117. This is one of the most luminous 'composite' objects in the Moran et al. 
(1996) sample, with a high, soft X-ray luminosity (in excess of 10 42 erg s _1 ) at a redshift of 
z ~ 0.0315. The diagnostic emission line ratios (H a /[NII] versus Hp/[OIII}) classify it as 
a star-forming galaxy (Moran et al. 1996). Nevertheless, its high X-ray luminosity as well 
as a faint broad Ha wing would classify this as an AGN. The excellent spatial resolution 
of Chandra combined with the high effective area and good energy resolution of the XMM- 
Newton mission can be used to unveil the nature of the AGN which is hosted in this galaxy. 
Throughout this paper, we adopt a Hubble constant of H = 65km s _1 Mpc -1 . 
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2. Observations and Data Reduction 

2.1. Chandra 

IRAS20051-1117 was observed using the Advanced CCD Imaging Spectrometer, ACIS- 
S, onboard Chandra (Weisskopf et al. 1996). The observation date was 20 April 2002 
(Sequence Number 700383). We use the cleaned event file provided by the standard pipeline 
processing having an exposure time of 20.1 ksec. Only Grade 0,2,3,4 and 6 events are used 
in the analysis. The whole galaxy falls on only one chip (S3). Charge Transfer Inefficiency 
(CTI) problems do not affect our observations as S3 is back-illuminated chip. Each CCD chip 
subtends an 8.3 arcmin square on the sky while the pixel size is 0.5". The spatial resolution 
on-axis is 0.5" FWHM. The ACIS-S spectral resolution is ~100 eV (FWHM) at 1.5 keV. We 
observed in 1/4-subarray mode in order to minimize pile-up problems; in this mode the size 
of the chip is reduced effectively to about 2x8 arcmin. We obtain about 7000 counts in the 
total 0.3-8 keV band, after background subtraction, corresponding to a count rate of 0.35 
cts s -1 . Then, the PIMMS software estimates a pile- up fraction of less than 10%. Images, 
spectra, ancillary files, response matrices, and lightcurves have been created using the CIAO 
v2.2 software. We use a 2" radius extraction region in order to produce both the spectral files 
and the lightcurves. We take into account the degradation of the ACIS quantum efficiency in 
low energies, due to molecular contamination, by using the ACISABS model in the spectral 
fitting 1 . The imaging analysis was performed using the SHERPA software. 



2.2. XMM-Newton 

The XMM-Newton data were obtained in 01 April 2002 as part of the Guest Observer 
Programme AO-1. The EPIC (European Photon Imaging Camera; Striider et al. 2001 
and Turner et al. 2001) cameras were operated in full frame mode with the thin filter 
applied. The data have been cleaned and processed in the standard pipeline mode using 
the Science Analysis Software (sas). The event files for the PN and the two MOS detectors 
were produced using the standard reduction pipeline (Watson et al. 2001). The event files 
were screened for high particle background periods resulting in a good time interval of about 
5.5 ksec for both MOS and PN. Events corresponding to patterns 0-4 and 0-12 have been 
included in the analysis of the PN and MOS data respectively. We obtain about 5.500 and 
3500 background subtracted counts in the PN and the combined MOS respectively. The 
resulting count rates are ~ 1 and 0.7 cts s _1 respectively. We use a 4 pixel (~ 16") radius 



1 http://asc. harvard.edu/cal/Acis/Cal_prods/qeDeg 



-4- 



extraction region, in order to obtain the spectrum (and the lightcurve) of our source. We 
obtain the background from a region from the same CCD chip with an area about 10 times 
larger than the source extraction region. We create the auxiliary files for the PN and MOS 
using the SAS task arfgen to take into account both instrumental effects (e.g. quantum 
efficiency, telescope effective area, filter transmission) and the fraction of light falling outside 
the extraction radius. The spectral response files are created using the task rmfgen. 

Finally, during the XMM-Newton observation, the OM (Optical Monitor) was operated 
in Imaging mode. The source was observed with the B, UVW1 (i.e. U) and UVW2 filters. 
The total exposure time was 4, 5 and 6 ksec respectively. In the subsequent analysis we use 
the processed, standard pipeline mode data (which were reduced using SAS version 5.3.2). 



3. Data Analysis 

3.1. Imaging 

In Fig. 1 we plot the Chandra X-ray contours in the total band (0.3-8 keV) overlayed on 
the XMM-Newton OM (Optical Monitor) image in the U (UVW1, 2900 A) filter. All the X- 
ray emission emanates from the source coinciding with the optical nucleus. The coordinates 
of the X-ray source are a = 20h07m5l.3s, 5 = -ll°08m33s (J2000); note that the IRAS 
name for this object refers to B1950. 

We have fitted the two-dimensional spatial profile of the Chandra source with the 
SHERPA software. Fitting a Gaussian profile, we obtain a FWHM of 1.78 ± 0.02 pix- 
els. Given that the nominal Point Spread Function (PSF) is undersampled by the pixels of 
the ACIS camera (FWHMps^ ~ 0.5" at 1.5 keV, compared to a pixel size of 0.49") we con- 
sider the probability of any extension marginal. Indeed, the Gaussian fit to the Point Spread 
Function generated with the CIAO mkpsf task gives a comparable FWHM (« 1.5 ± 0.02 
pixels) . 

Fig. 1 shows that the central UV-bright source in IRAS20051-1117 is surrounded by 
some faint nebulosity which is associated with the galaxy. The nuclear source appears to be 
point-like in the UV. In order to investigate this issue further, we co-added the 5 UVW1 and 
UVW2 images to create a single image. Using IRAF, we fitted the one-dimensional radial 
profile of the central source in both filters with a Gaussian. The FWHM of the Gaussian 
profile is ~ 2.5" and ~ 1.8" in the case of the UVW1 and UVW2 images, respectively. The 
profile of the UVW1 source appears to be slightly larger than the width of the nominal PSF 
for this filter (1.7"). The FWHM of the UVW2 source is identical to the PSF width for this 
filter (1.8"). As the contribution of the underlying galaxy is much more pronounced in the 
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UVW1 image, our results imply that, just like with the X-ray source, the UV source is not 
resolved either, its size being equal to or smaller than ~ 2" which corresponds to ~1.4 kpc. 



3.2. Timing 

Fig. 2 (upper panel) shows the background subtracted PN and MOS light curves for 
IRAS20051-1117 in the 0.3 - 8 keV band (open squares, filled and open circles for PN, MOS-1 
and MOS-2 light curves, respectively). The time bin size was set to 200 sec. All cameras 
were switched on about the same time, however there are a few gaps of duration ~ 20 — 800 
sec in all light curves, due to the rejetion of periods with high particle background. The 
light curves appear to be flat, with no significant variations above the intrumental noise. 
Using the x 2 test, we find that the light curves are consistent with the hypothesis of a 
constant flux. This is true even when we consider the combined, background subtracted PN 
and MOS light curves. The Chandra 0.3-8 keV light curve does not show any significant, 
intrinsic variations either (Fig. 2, lower panel). We conclude that IRAS20051-1117 does not 
show any significant variations on time scales smaller than ~ 10 ksec. 

Next, we examine whether there is any evidence for long term variability. Using the 
best fit power-law spectrum derived from the PN data (r = 1.94 see section 3.3 below) we 
derive a 2-10 keV flux of 1.5 ± 0.025 x 10" 12 and 1.5 ± 0.020 x 10~ 12 erg cm" 2 s _1 from the 
XMM-Newton (PN) and Chandra data respectively, suggesting that the nucleus presents no 
variability. However, as the Chandra and XMM-Newton observations are separated by a 
small interval of about 3 weeks, we have also checked whether other X-ray missions have 
obtained in the past observations of our object. ROSAT (PSPC) has observed IRAS20051- 
1117 in the second semester of 1990 during the ROSAT-All-Sky-Survey (exposure time 411s). 
The count rate of 0.07 ±0.01 (0.1-2.4 keV) translates to an absorbed flux of 8.4 ±1.2 x 10~ 13 
erg cm -2 s _1 in the 0.3-2 keV band (using the best-fit PN model). This is consistent with the 
observed XMM-Newton and Chandra flux in the same energy band (~ 1 x 10~ 12 erg cm~ 2 s _1 ), 
within rsj 1.3a. 



3.3. The X-ray spectra 

The spectra are grouped, using the ftool grppha task to give a minimum of 20 (15) 
counts per bin for XMM-Newton (Chandra ) to ensure that Gaussian statistics apply. The 
quoted errors to the best fitting spectral parameters correspond to the 90 % confidence level 
for one interesting parameter. In order to assess the significance of new parameters added 
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to a model we have adopted the 95 % confidence level, using the F-test for additional terms. 
We discard data below 0.3 and above 8 keV due to the low response of the ACIS-S, PN and 
MOS cameras. We fit the data using the XSPEC vll.2 software package. The spectral fits 
are presented separately for the Chandra and the XMM-Newton data. 

a) The XMM-Newton spectral fits. We first fit the PN data using a single power-law 
model absorbed by two columns: one fixed to the Galactic (Nh ~ 7 x 10 20 Dickey & Lockman 
1990) and one intrinsic which is left free to vary. We find that this model provides a relatively 

h0.08 
-0.07' 



poor fit (x 2 = 268.7/190) to the data. The power-law has the 'canonical' slope, T = 1.92*°'°* 
while the 90 % upper limit of the intrinsic column is < 1 x 10 20 cm -2 . 

The addition of a narrow line [a < 0.01 keV i.e. smaller than the CCD's spectral 
resolution at these energies) at 6.4 keV (rest-frame) results in a better fit. We find A% 2 = 10.3 
for one additional parameter (the normalization of the Gaussian line) which is statistically 
significant at the > 99 % confidence level. The equivalent width of the Fe line is 3601J7 4 . eV 
consistent with that predicted for unobscured AGN (e.g. Page et al. 2004) with comparable 
X-ray luminosity. The spectral results are presented in table 1. In Fig. 3 (upper panel) 
we plot the model fit to the data together with the data to model ratio. Inspection of the 
residuals suggests the possibility that some additional lines are present: e.g. Fe at 6.96 
keV, Ca at 3.9 keV, Si at 1.9 keV (rest-frame). However, only the first line (Fe) is detected 
at over the 95 per cent confidence level. The resulting equivalent width is 371*206 e V- 
The presence of residuals at low energies prompted us to test for the presence of thermal 
emission. The inclusion of a Raymond-Smith spectrum (abundance fixed at Z=0.3) results in 
a significantly better fit x 2 ~ 233.3/186. The temperature of this component (kT = 0.20loo2 
keV) is consistent with the properties of hot gas emission in nearby star-forming galaxies 
(e.g. Stevens et al. 2003). Its luminosity is L .3_ 8kcV ~2x 10 41 erg s _1 . 

The MOS data are fitted with the normalizations untied between the MOS1 and MOS2 
detectors. The single power-law model gives a good fit (x 2 = 128.5/121) with a photon index 
T = 2.0l 'o9 an d an intrinsic column density of 5l 2 x 10 20 cm' 2 . The low effective area of the 
MOS detectors at high energies, hampers us from placing any constraints on the properties 
of the Fe lines above 6 keV. The addition of an Fe line results in the reduction of the x 2 
by only 0.1. Moreover, the inclusion of a Raymond-Smith component is not statistically 
significant. Finally, a joint fit to the PN and MOS data (with the normalizations between 
the 3 detectors untied) yields T = 1.96+°;^, N H = 2+} x 10 20 cm- 2 (x 2 = 381.9/313). The 
normalizations between the 2 MOS instruments agree within 5% while those between MOS 
and PN within 20 %. The inclusion of the two Fe lines and the Raymond-Smith component 
is statistically significant yielding T = 1.96lg;g|, N H = 3+ 2 x 10 20 cm~ 2 (x 2 = 347.9/307). 

b) The Chandra spectral fits. A single power-law fit to the data gives T = 1.79 ± 0.04 
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with a negligible intrinsic column density of 0.1 x 10 20 cm _2 (x 2 / = 290.5/202). The above 
values are in reasonable agreement with those derived from the PN. The addition of an Fe line 
at 6.4 keV reduces the x 2 °y 6.9 which is statistically significant at the ~ 97 % confidence 
level. The equivalent width of the line is 250 ± 155 eV, comparable to the value found 
from the model fitting of the PN data. The Chandra spectrum is plotted in Fig. 3 (lower 
panel) together with the data to model ratio. Finally, the addition of a Raymond-Smith 
component results in the improvement of the fit (x 2 ~ 246.3/199). The temperature of the 
Raymond-Smith component is 0.22 ± 0.03 keV in good agreement with XMM-Newton while 
the power-law photon index is flatter (1.67 ± 0.05). The reduction of the x 2 ■, when the 
thermal component is added, may suggest the presence of a compact nuclear star-forming 
region. Alternatively, it is possible that many photo-ionization line residuals at soft energies 
are reduced with the inclusion of the above component. 



3.4. Optical Observations 

Optical spectroscopic observations were made with the 1.3 m telescope at Skinakas 
Observatory (Crete, Greece) on 2002 June 21. The f/7.7 Ritchey-Cretien telescope was 
equipped with a 1024 x 1024 SITe chip plus a 651 lines mm -1 grating, giving a dispersion 
of ~ 3.3 A/pix. We used a 2" slit which corresponds to a physical size of 1.4 kpc at the 
redshift of our object. The spectra span the 4300 — 7400 A range, at a resolution of ~ 7.0 
AFWHM. The total integration time was 1.5 hrs. 

The optical spectrum of the source is shown in Fig. 4. It is similar to the spec- 
trum presented by Moran et al. (1996). We detect strong Ha, [N II], [S II] and [O III] 
and much weaker H/3 (narrow) and [O I] lines. Ha has a broad component with a width 
of ~ 3800 km/sec. Our measurements of the galaxy emission line flux ratios are as fol- 
lows: [O III] /H/3 (narrow) = 1.1, [O I]/Ha(narrow)=0.019, Ha(narrow)/H/9(narrow)=2.65, 
Ha (broad) /H/3 (narrow) =3.69, [NII]/Ha(narrow)=0.59, and [SII]/Ha(narrow)=0.33. The 
ratios for the bright lines are slightly smaller (by a factor of ~ 1.5 — 2.5) than the respective 
values listed in Table 3 of Moran et al. (1996). These differences are not highly significant, 
specially if one considers the fact that different ratio values can be obtained if the seeing 
and/or extraction apertures differ since in this case different amounts of the host galaxy are 
included in the aperture. Furthermore, for the fainter lines (H/3 and [O I]) our measurements 
are quite uncertain because of the poor quality of the data (the overall signal-to-noise of the 
optical spectrum is ~ 5). Despite these small differences, the position of the source on the 
standard emission line diagnostic diagrams (e.g. Veilleux et al. 1995) confirms that this 
object lies between the HII region and AGN loci. 



From the ratio between Ha(narrow) and H/3, we calculate a reddening of E(B — V) = 
—0.08 and E(B — V) = 0.002 for an AGN and an HII region intrinsic continuum respectively. 
These correspond to an equivalent HI column density of 4 x 10 20 cm -2 and 1 x 10 19 cm -2 , 
assuming Galactic gas-to-dust ratio (Bohlin et al 1978). As the reddening mentioned above 
refers to the sum of the Galactic and intrinsic extinction, this result agrees well with the 
result of no intrinsic absorption as derived from the model fitting to the EPIC PN X-ray 
spectrum. 



3.5. The spectral energy distribution (SED) 

The availability of simultaneous UV (OM) and X-ray (EPIC-PN) observations by XMM- 
Newton gives us the opportunity to investigate the UV/X-ray energy distribution of the 
source. For the OM data, we first estimated the mean count rate of the individual images 
(as formed by summing the counts within a 16" diameter aperture centered on the nucleus). 
We have not corrected for the contribution of the underlying galaxy, which increases towards 
larger wavelengths (reaching ~ 30 % in the B filter). We transformed the average count rates 
to magnitudes using the appropriate 'Zeropoint magnitude' value for each filter (as listed 
in the XMM-Newton users manual). For the reddening correction we assumed no intrinsic 
absorption, and adopted the Galactic extinction value, Ay m 0.4, of Schlegel et al. (1998). 
Using the A x versus A relationship of Cardelli et al. (1989) for R v = 3.1, we then found A\ 
at A = 4400, 2900, and 2150 A (i.e. the wavelengths at which the response of the B, UVW1, 
and UVW2 filters peaks). 

The UV/X-ray energy distribution is shown in Fig. 5, plotted as uf v versus v. For 
the X-ray data we used the best fitting power law model to the XMM-Newton EPIC-PN 
spectrum (the long dashed lines represent power law models with slopes equal to the best 
fitting slope ±ler confidence limit values). In the UV band, the ratio vfuvw2/vfuvwi is 
comparable with the ratio of the respective frequencies. This result implies that vj nu oc is, 
in agreement with the trend shown by the mean energy distribution of radio-quiet AGN in 
the same energy band (e.g. Elvis et al. 1994). Using the data shown in Fig. 5, we find that 
the monochromatic X-ray (2 keV) to UV (2500 A) luminosity ratio for IRAS20051-1117 is 
a ox = 1.42. This is consistent with the average value of ~ 1.6 for radio-quiet AGN (Stocke 
et al. 1991). 

The OM, B band measurement indicates that the SED rises towards longer wavelengths. 
This trend is caused by the fact the host galaxy's underlying emission in this band is quite 
stronger than the emission in the UV wavelengths. A quasi-simultaneous flux measurement 
at longer wavelengths is also possible based on the optical spectrum of the source. Since 
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this spectrum was taken only ~ 2.5 months after the XMM-Newton observation we used 
it in order to estimate a "V" band measurement. To that aim, we computed the average 
flux in the 5400 — 5600 A band (observer's frame), which is free of lines, and we dereddened 
it adopting Ay rs 0.4, as before. Interestingly, although the optical spectrum was taken 
using a 2" wide slit (i.e. significantly smaller than the aperture size that we use for the OM 
photometry), the V band flux that we measure is larger than that in the B band. This result 
gives further support to the idea that the SED rises towards longer wavelengths. 

This trend is confirmed when we consider the near and far infrared measurements of the 
source. For the J, H, and K bands we used the 2MASS measurements (in a aperture of size 
14" x 14"). For the far-infrared band we used the IRAS measurements at 25,60, and 100 
microns, from the IRAS faint source catalogue. Although the near-infrared and UV flux 
measurements are taken from apertures which have almost identical areas, the strong rise 
from optical to near-infrared wavelengths shown in Fig. 5 shows that the energy release in the 
near-infrared band is significantly larger than that released in the UV band. In IRAS20051- 
1117, it is the near-infrared/optical which rises above its UV continuum, and not the other 
way around, as it is observed in most galaxies with a strong active nucleus. 

Apart from the strong contribution of the galaxy stellar population in the near-infrared 
bands, the strong far infrared emission is indicative of the presence of a significant star for- 
mation rate (SFR). For example, using the relation between logarithm of SFR and logarithm 
of galaxy luminosity at 100 microns of Misiriotis et al. (2004), we find an overall SFR of 
~ 32 M yr" 1 . This is typical of bright IRAS galaxies, but much smaller than SFR in 
starburst galaxies. 



4. Discussion 

In this work, we present the results from X-ray and optical observations of IRAS20051- 
1117. The Chandra and XMM-Newton OM images reveal the presense of a strong, UV 
and X-ray bright nuclear source, which is un-resolved in both cases. The FWHM of the 
X-ray source is ~ 1", which corresponds to a region of size ~ 0.7 kpc at the distance of 
the object. The X-ray spectrum of the nucleus is very similar to the typical AGN spectra: 
a power-law model fitting to the EPIC-PN spectrum shows the canonical spectral slope of 
T ~ 1.9, and reveals the presence of an iron line at 6.4 keV. The equivalent width of the line 
is consistent with that of unobscured AGN of comparable luminosity (e.g. Page et al. 2004). 
We also detect evidence for the presence of ionized material in the vicinity of the nucleus, 
as indicated by the presence in the spectrum of a line at 6.96 keV which we interpret as 
emission from ionized iron. Thermal emission with a low temperature (0.2 keV) is present 
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in both the XMM-Newton and the Chandra spectrum. 

The presence of a strong, point-like nuclear UV and X-ray source, with an X-ray spec- 
trum typical of AGN, shows conclusively that the intense X-ray emission of IRAS20051-1117 
is produced by a Seyfert-like nucleus in the center of this galaxy. This is further supported by 
the fact that the UV/X-ray energy spectral distribution of this object is very similar to the 
SEDs of AGN in the same energy band. In particular, the 'X-ray loudness" of this object, 
a ox ~ 1.4, is consistent with the average X-ray/UV luminosity ratio found for radio-quiet 
AGNs. 

However, optical observations that were performed only 2.5 months after the XMM- 
Newton observations of IRAS20051-1117, reveal an optical spectrum very similar to the 
spectrum presented by Moran et al. (1996). The emission-line flux ratios places this galaxy 
on the boundary between regions ordinarily populated by HII and Seyfert galaxies. Although 
there are signs of Seyfert activity as well (such as the presence of a weak, broad component 
of the Ha line), the optical spectrum is dominated by characteristics of HII galaxies. Moran 
et al. (1996) have suggested that "obscuration" effects may be responsible for the optical 
spectra of "composite" galaxies. However, both the XMM-Newton and Chandra observa- 
tions of IRAS20051-1117 show no sign of any intrinsic absorption in this galaxy. There is 
a possibility that the X-ray nucleus is totally obscured (Compton-thick) in which case we 
are viewing the reflected component in the backside of the torus. The lack of variability 
between the XMM-Newton and the Chandra epochs (as well as the ROSAT epoch) could in 
principle favor such an interpretation. Nevertheless, the moderate equivalent width of the 
Fe line, combined with the steep X-ray spectrum (see e.g. Matt et al. 1996) argue against 
the reflection component scenario. The detection of a strong nuclear UV source and of a 
broad H a in the low signal-to-noise optical spectrum further support the hypothesis that 
we are viewing directly the Seyfert nucleus. Ward et al. (1988) have noted the presence 
of a tight correlation between the broad Ha and the hard X-ray (2-10 keV) luminosity in 
unobscured AGN. Our object has an Ha luminosity of 7 x 10 40 erg s -1 (Moran et al. 1996) 
which translates to a predicted 2-10 keV X-ray luminosity of 4 x 10 42 erg s -1 , in excellent 
agreement with the Chandra and XMM-Newton observations, further suggesting that the 
Broad Line Region is not obscured in our object. 

One possibility that could explain the optical spectral properties of IRAS20051-1117 is 
that it hosts a non-standard broad line region. For some reason, much less gas in the central 
source of this object is illuminated by the ionizing continuum, than in a typical AGN. Or 
perhaps, the broad line region may even be absent in this source. A third possibility though, 
and perhaps a more realistic one, is that the AGN optical signature is not evident in this 
source because of the presence of a starburst component (Moran et al., 1996) and because 
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it is partially diluted by the presence of the strong optical continuum of the host galaxy. 
IRAS20051-1117 is a luminous spiral galaxy, as its optical/near- infrared excess emission in 
the overall SED implies (Fig. 5). Its total K-band magnitude is 11.28 (2MASS survey) 
which translates to an absolute magnitude of Mk = —24.5. Using an average colour of 
R— K = 2.36, appropriate for spiral galaxies of morphological type < T < 6 (de Jong, 1996), 
we find Mr = —22.14. Severgnini et al. (2003) estimate that the optical signature of X-ray 
unabsorbed AGN with X-ray luminosity up to ~ 10 43 erg s _1 (the case of IRAS20051-1117), 
may be hidden if they are hosted by a galaxy with Mr < —22. In fact, their calculations 
indicate that only Ha will show clearly the appearence of the central active nucleus, exactly 
like the case with IRAS20051-1117, as only Ha shows clear evidence for a broad component. 

Finally, we do not detect any significant variations in both the Chandra and XMM- 
Newton light curves. X-ray variability has become one of the defining characteristics of 
AGN the last years. However, the lack of detection of significant variations is not surprising, 
given the short duration of the X-ray light curves. For example, the XMM-Newton EPIC- 
PN light curve is less than 10 ksec. For a ~ 10 43 erg/s source, we expect to measure an 
"excess variance" , a^ xs (i.e. the variance of a light curve normalized by its mean squared after 
correcting for the experimental noise) of ~ 0.01 in light curves as long as ~ 1 day (e.g. Nandra 
et al., 1997). If a^ xs increases proportional to the length of the light curve, then we expect 
a nxs ~ 0.0015 in the case of the present IRAS20051-1117 light curves. However, due to the 
low count rate, even in the combined EPIC PN and MOS light curve, the uncertainty on the 
estimation of a^ xs due to the experimental Poisson noise (found using equation 11 of Vaughan 
et al., 2003) is twice as large as the expected "signal" that we want to detect. Clearly, a 
longer X-ray light curve is needed in order to detect significant, short term variations in 
IRAS20051-1117. More surprising is the lack of "long term" variations, when we compare 
the observed X-ray flux during the XMM-Newton Chandra and ROSAT observations, which 
are separated by 3 weeks and 12 years, respectively. Only monitoring X-ray observations 
over a period of months/years could allow us to investigate the variability behavior of this 
source. 



5. Summary 

We present Chandra and XMM-Newton observations of IRAS20051-1117 one of the 
'composite' galaxies in the Moran et al. (1996) sample of galaxies. The Chandra data 
show that the X-ray emission comes from a nuclear point-like source with a luminosity of 
L(2 — lOkeV) ~ 4 x 10 42 erg s -1 . This coincides with a bright, UV nucleus as revealed by 
the UV imaging performed with the OM on-board XMM-Newton . The X-ray spectrum 
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[XMM-Newton and Chandra ) is represented by a power-law spectrum with a steep photon 
index T ~ 1.7—1.9 and a thermal component with a temperature of ~ 0.2 keV absorbed by a 
negligible intrinsic column density < 3 x 10 20 cm -2 . An Fe line at 6.4 keV is also detected in 
both the XMM-Newton and Chandra data with an equivalent width of ~ 300 eV. The above 
give away the presence of an active nucleus. There is no variability between the Chandra and 
the XMM-Newton flux which are separated by a small period of about 3 weeks. Puzzlingly, 
there is no observed variability in the soft X-ray flux between XMM-Newton and Chandra and 
the R OS A T observation which are separated by a period of more than 12 years. The marked 
lack of variability could suggest the presence of a highly obscured (Compton-thick) AGN. 
However, this possibility is probably ruled out by the moderate equivalent width of the Fe 
line, the steep X-ray spectrum observed and the ratio of the hard X-ray to the Ha luminosity 
which are typical of unobscured AGN. 

The nuclear optical spectrum (using a 2" slit which corresponds to a w 1.5 kpc region 
at the source) obtained 2.5 months after the XMM-Newton observation, presents a weak 
broad Ha line. Nevertheless, the optical spectrum is dominated by a strong star-forming 
component which outshines the AGN signatures. The weakness of the AGN features could 
be attributed to the dilution of the nuclear AGN emission by the star-forming component 
and the strong host galaxy optical emission. 

IRAS20051-1117 presents many similarities with the luminous X-ray galaxies which 
have been detected in deep X-ray surveys. Although these are clearly associated with AGN 
having high X-ray luminosities, their optical spectra show no AGN signatures. The present 
observations help us to shed light on the properties of such objects and to understand why 
these fail to reveal strong AGN signatures in the optical band. This work demonstrates 
in agreement with earlier work (Georgantopoulos et al. 2003, Severgnini et al. 2003) that 
heavy obscuration may not always be responsible for the discrepancy observed between the 
X-ray and optical classification. 
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Table 1: The spectral fits results 
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Fig. 1. — The X-ray contours from the 0.3-8 keV Chandra image, overlayed on the XMM- 
Newton OM image (U filter). The line corresponds to 10". 
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Fig. 2.— Upper panel: XMM-Newton EPIC-PN, MOS-1 and MOS-2, background sub- 
tracted, 0.3 — 8 keV light curves of IRAS20051-1117, grouped in 200 s bins (open spqaures, 
filled and open circles respectively). Time is counted from the start of the PN observation 
(for clarity reasons the points have been sifted by +50 s on the time axis). Lower panel: 
Chandra , background subtracted, 0.3 — 8 keV light curves of IRAS20051-1117, grouped in 
1500 s bins. Time is counted from the start of the Chandra observation (for clarity reasons 
the points have been sifted by +300 s sec on the time axis). 



-18- 




> 



O 



o 
u 



"D 



a 
E 



o 

D 



o : 




o 
d 



0.5 



1 2 

channel energy (keV) 



.^^Mft^V 



H 1 1 1 1- 



- ^VMWto^w Aji 




0.5 



1 2 

channel energy (keV) 



Fig. 3. — The XMM-Newton PN (upper panel) and Chandra (lower panel) spectra plotted 
together with a model fit consisting of a power-law plus a 6.4 keV Gaussian line, absorbed 
by the Galactic and an intrinsic column density. The data to model ratios are given as well. 
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Fig. 4. — The optical spectrum of IRAS20051-1117 taken in June 2002, from Skinakas 
observatory. The spectrum, plotted as flux per unit wavelength interval, has been shifted to 
rest frame. 
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Fig. 5. — The rest frame, dereddened continuum energy distribution of IRAS20051-1117. 
Note that the apertures used to derive fluxes in the various bands do not have the same size 
(see text for details). 



